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Description 



ELECTROSTATIC DISCHARGE 
PROTECTION NETWORKS FOR TRIPLE 
WELL SEMICONDUCTOR DEVICES 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention generally relates to electrostatic 

discharge (ESD) protection circuits and, more particularly, 
to ESD protection circuits using triple well semiconductor 
devices residing in an integrated circuit. 

[0003] Description of the Related Art 

[0004] a s electronic components are getting smaller and smaller 
along with the internal structures in integrated circuits, it 
is getting easier to either completely destroy or otherwise 
impair electronic components. In particular, many inte- 
grated circuits are highly susceptible to damage from the 
discharge of static electricity. Electrostatic discharge (ESD) 
is the transfer of an electrostatic charge between bodies 



at different electrostatic potentials (voltages), caused by 
direct contact or induced by an electrostatic field. The 
discharge of static electricity, or ESD, has become a criti- 
cal problem for the electronics industry. Device failures 
are not always immediately catastrophic. Often the device 
is only slightly weakened but is less able to withstand 
normal operating stresses and, hence, may result in a reli- 
ability problem. Therefore, various ESD protection circuits 
must be included in the device to protect the various 
components. Multiple considerations are taken into ac- 
count during the design of such ESD protection circuits. 

[0005] with system-on-a-chip (SOC) , advanced CMOS and high 
level integration, different circuit and system functions are 
integrated into a common chip substrate. The industry 
has expended considerable efforts to prevent noise cre- 
ated by one circuit from infecting another circuit. The in- 
dustry has used triple well technology to help provide this 
noise isolation. Unfortunately, with the introduction of 
triple well technology, several problems must be ad- 
dressed with respect to ESD networks. 

[0006] CMOS technology traditionally provided single well or 

double well isolation. In single well technology, an n-well 
was placed in a p-type substrate. In dual well technology, 



a p-well was placed in a p-type substrate as well. For both 
single and double well, the ESD protection networks were 
kept the same since the transition from single well to 
double well did not alter the electrical connections needed 
for either MOSFET-based ESD protection or diode-based 
ESD protection networks. The first problem results from 
the transition from single- or dual-well technology to a 
triple well technology. The triple well technology requires 
a region which electrically isolates both the p-well and the 
n-well from the substrate. 
[0007] Another problem arises when mixed voltage applications 
are used. Mixed voltage applications are where the pe- 
ripheral power supply voltage is different from the native 
core voltage power, or the input pad voltage exceeds the 
native core voltage power supply. Mixed voltage applica- 
tions require unique ESD networks that don"t turn on be- 
low the applied voltage condition. In triple well technol- 
ogy, this is a concern since structures must be able to be 
biased without inadvertent turn-on during the functional 
regime. ESD networks in a mixed voltage environment 
may not be able to use MOSFET structures due to electri- 
cal overstress of the MOSFET transistor. MOSFET electrical 
overstress occurs above the native power supply condition 



due to dielectric overstress. 
[0008] it would, therefore, be a distinct advantage to have a triple 
well technology ESD network that could overcome the 
above noted problems. The present invention provides 
such an ESD network. 
Summary of Invention 

[0009] An electrostatic discharge protection network that uses 
triple well semiconductor devices either singularly or in a 
series configuration. The semiconductor devices are 
preferably in diode junction type configuration. 
Brief Description of Drawings 

[0010] The foregoing and other objects, aspects and advantages 
will be better understood from the following detailed de- 
scription of a preferred embodiment of the invention with 
reference to the drawings, in which: 

[° 011 ] Figure 1 is a cross sectional diagram illustrating a triple 
well ESD structure according to the teachings of a pre- 
ferred embodiment of the present invention; 

[0012] Figure 2 is a cross sectional diagram illustrating a second 
preferred embodiment for a triple well diode according to 
the teachings of the present invention; 

[0013] Figure 3 is a cross sectional diagram illustrating a triple 



well diode according to the teachings of an alternative 
preferred embodiment of the present invention; 
[0014] Figure 4 is a cross sectional diagram illustrating an alter- 
native embodiment of a triple well mixed voltage interface 
ESD structure formed from the triple well diode elements 
of Figure 1 according to the teachings of the present in- 
vention; 

[0015] Figure 5 is a cross sectional diagram illustrating an inter- 
face ESD structure formed from triple well diode elements 
of Figure 3 according to the teachings of the present in- 
vention; 

[0016] Figure 6 is a cross sectional diagram illustrating a mixed 
voltage interface triple well ESD network where the n well/ 
n- band regions are merged as a single region according 
to the teachings of the present invention; 

[0017] Figure 7 is a cross sectional diagram illustrating a mixed 
voltage interface triple well diode ESD network which pro- 
vides a separate first diode stage followed by a merging of 
all successive diode stages according to the teachings of 
the present invention; 

[0018] Figure 8 is a schematic diagram illustrating a circuit im- 
plementation of the triple well diode structure of Figure 1 
according to the teachings of the present invention; and 



[0019] Figure 9 is a schematic diagram illustrating an electro- 
static discharge circuit using the triple well structure of 
figure 3 according to the teachings of the present inven- 
tion 

Detailed Description 

[0020] Referring now to the drawings, and more particularly to 
Figure 1, a cross sectional diagram is shown illustrating a 
triple well ESD structure according to the teachings of a 
preferred embodiment of the present invention. More 
specifically, the ESD structure includes an insulator region 
2 defining n doped regions 3 and 3A, an insulator region 
4 defining a p doped region 5, a p-doped region 6, n 
doped region 8, and contacts 12 and 14. Regions 2 and 4 
can be, for example, a shallow trench isolation (STI) re- 
gion. 

[0021] | n t he preferred embodiment, regions 3 and 3A are n 

doped and extend down to n doped region 8, and form a 
ring so as to isolate the p- doped region 6 from the sub- 
strate region 10. Regions 3 and 3A can be, for example, 
an n well implant, a reach-though implant or any other 
known doping process that allows the dopants to extend 
below insulation region 2 and connection to n doped re- 
gion 8. Although not shown, regions 3 and 3A can have 



insulation in the other dimension leading to the isolation 
of region 6. In addition, regions 3 and 3A can be formed 
using a single implant or a plurality of implants of differ- 
ent energies or doses. 
[0022] Region 6 is p- doped to allow isolation from the substrate 
region 10. In this embodiment, a p-n diode metallurgical 
junction is formed where the p- region 6 abuts region 3 , 
region 3A and region 8. This metallurgical junction in this 
embodiment forms a diode for the application of the ESD 
protection. 

[0023] The anode structure of the p-n diode is formed using re- 
gions 5 and 6 where region 5 typically has a higher dop- 
ing concentration as compared to region 6 so that region 
5 forms a contact for electrical connection 12. The anode 
region can be electrically connected to an input pad of a 
circuit to provide ESD protection. 

[0024] The cathode structure of the p-n diode is formed from re- 
gions 3, 3A, and region 8. Electrical connection to the 
cathode is established by electrical connection 14. The 
cathode structure can be connected to a VDD power sup- 
ply at electrical connection 14 to provide ESD discharge 
current flow to the VDD power supply. The metallurgical 
junction formed between region 3, 3A and region 8 and 



the substrate 10 also forms a second p-n junction which 
can be used for ESD protection. Connecting regions 3, 3A 
and 8 to an input pad via electrical connection 14 and 
grounding the chip substrate region 10, an ESD diode can 
be established for negative electrical discharges. 
[0025] Reference now being made to Figure 2, a cross sectional 
diagram is shown of a second preferred embodiment for a 
triple well diode according to the teachings of the present 
invention. Figure 2 is similar in structure to Figure 1 with 
the addition of a plurality of anode structures located 
within the cathode. More specifically, Figure 2 represents 
the diode of figure 1 modified to include an additional p+ 
anode region 5A, p- anode region 6A , n+/n-well region 
3B, and lower n band 8A. The advantage of this structure 
is that the local placement of 3, 3A and 3B allows for a 
low resistance cathode structure to avoid resistive regions 
8 and 8A. 

[0026] Regions 8 and 8A can be one continuous n-band (not 
shown) or a plurality of regions which are connected by 
n + /n- well regions 3, 3A, and 3B. Additionally, this im- 
plementation lends itself to a multiple anode structure 
contained in a common anode region. In this embodi- 
ment, the cathode-to-substrate region can also serve as a 



diode for ESD discharging to the substrate 10. Addition- 
ally, the vertical pnp can play a role in the electrical dis- 
charge to the substrate formed from the p+/p- emitter, 
the n-band base and p-substrate collector. 

[0027] Reference now being made to Figure 3, a cross sectional 
diagram is shown illustrating a triple well diode according 
to the teachings of an alternative preferred embodiment 
of the present invention. In this embodiment n+ regions 
16 and 16A are defined by isolation regions adjacent to 
the region 5. Electrical connections 18 and 18A are con- 
nected to regions 16 and 16A. Electrical connections 18 
and 18A can be the same electrical connection of the well 
and n-band region 14. In this case, the p-n junction 
formed between p- region 6 and the n-regions 16 and 
16A will provide a lateral current path which is parallel to 
the p-n junction formed between region 6 and regions 3, 
3A and 8. In this embodiment, the capacitance of the 
structure is higher but allows for lateral discharge of the 
ESD current from the region 6 to regions 16 and 16A. 

[0028] | n an alternative circuit configuration, electrical connec- 
tions 18 and 18A can be connected to a second power 
supply VDD2. In this fashion, the ESD network can be 
electrically connected from a single input with a discharge 



path from the input pad to a first and second power sup- 
ply. 

[0029] | n y e t another alternative circuit configuration, the electri- 
cal connections 18 and 18A can be connected to an input 
node, and the electrical connection 12 can be connected 
to a ground potential. The electrical connection 12 can be 
at the same potential of substrate region 10 or a second 
ground potential. In this configuration, the triple well 
structure can be used for electrical discharge for negative 
ESD pulses to multiple ground rails from a common input 
pad connection. 

[0030] Additionally, the diode structure represented by Figure 3 
can be used as a npn bipolar ESD structure where region 
16 and 16A are the emitter, the p-region 6 is the base re- 
gion, and the n-well/n-band structure 8 can serve as the 
collector structure. The emitter and collector of the imple- 
mentation can also be reversed whereas the region 16 and 
16A can serve as the collector and the region 8 can serve 
as the emitter. 

[0031] | n the configuration illustrated in Figure 3, the n well/n 
band regions 3, 3A and 8 can be placed to a higher volt- 
age power supply in order to avoid current flow to these 
regions during overshoot or undershoot operation. It is 



also possible to allow for the n regions 16 and 16 A to be 
connected to the higher power supply voltage. In this 
fashion, undesirable noise injection can be collected at an 
electrode which does not allow the noise injection to enter 
a power rail which is to be kept free from noise injection. 

[0032] The structural layout of Figure 3 could be modified to in- 
clude a plurality of p regions 5, and n-regions 16 and 16A 
could be contained within the region 6. In this fashion, a 
multi-finger structure can be formed to allow for isolation 
of the entire structure within regions 3, 3A and 8. 

[0033] Reference now being made to Figure 4, a cross sectional 
diagram is shown illustrating an alternative embodiment 
of a triple well mixed voltage interface ESD structure 
formed from the triple well diode elements of Figure 1 ac- 
cording to the teachings of the present invention. In this 
embodiment, each triple well diode structure has their 
well/n- band region spatially separated and independent 
of the adjacent structure in the substrate region 10 . For 
mixed voltage applications, when an incoming signal is 
above the native power supply voltage of a product chip, 
an ESD structure must be designed to allow for the in- 
coming signal to allow forward biasing of a given ESD 
diode structure. By connecting the diode structures such 



as those discussed in Figure 1 , Figure 2, and Figure 3 in a 
series manner, forward biasing of the triple well diode el- 
ement structure can be avoided by forming a plurality of 
these structures such that the anode of the first structure 
is connected to the input pad, and whose cathode is con- 
nected to a second structure'^ anode region, ad infinitum. 
In this fashion, a series of diode structures are connected 
to prevent forward biasing of the diodes until the input 
voltage exceeds the turn-on voltage of the series of ele- 
ments plus the native power supply voltage. 
[0034] For example, using a diode structure such as that shown 
in Figure 1, a series of elements can be put into a series 
configuration. In this case, the input pad would be con- 
nected to electrical connection 12 and whose output is 
connection 14 for the first triple well diode element. The 
cathode electrical connection 14 of the first triple well el- 
ement is connected to a second triple well element anode 
element 12A. This forms a plurality of elements, where 
they are all contained within the same substrate region 
10. The last triple well diode element 14A is connected to 
a power supply (e.g. VDD). In this fashion, the isolation 
structure which is formed from the n well and band re- 
gions has the utility as serving as a cathode contained 



within the triple well mixed voltage ESD network. 
[0035] Reference now being made to Figure 5, a cross sectional 
diagram is shown illustrating an interface ESD structure 
formed from triple well diode elements of Figure 3 ac- 
cording to the teachings of the present invention. Using 
the diode structure of Figure 3, a plurality of diode ele- 
ments can be put into a series configuration where again 
each n well/n- band region 8 is separated and not abut- 
ting the adjacent elements. In this case, the input pad 
would be connected to electrical connection 12 and whose 
output is connection 18 and 18A for the first triple well 
diode element. The output of 18 and 18A are then con- 
nected to the anode of the second triple well diode ele- 
ment 12A. In this fashion, the electrical connection 14 can 
be connected to a high voltage power supply whose volt- 
age is above the input voltage. In this configuration, the n 
well/n- band structure 8 serves a means of discharge di- 
rectly to a second power supply instead of through the 
plurality of triple well diode elements in series. Each triple 
well diode structure can have an independent electrical 
connection to a independent power supply or a plurality of 
power supplies. Given a plurality of triple well diode 
structures, the independent n-well/n-band regions can be 



connected to different power supplies different from the 
power supply connection of the last triple well diode ele- 
ment in the string. The advantage of this implementation 
is that electrical discharge current can flow to multiple 
power supplies and noise can be distributed to different 
supplies. 

[0036] | n an alternative electrical connection, the electrode 14 

can be connected to connection 18 and 18A, and 14A can 
be connected to 18B and 18C allowing parallel discharge 
paths through the ESD network. In this fashion current 
flowing from the anode is discharged to both metallurgi- 
cal junctions. The advantage of this connection is that all 
the ESD current will flow through the structure. 

[0037] Reference now being made to Figure 6, a cross sectional 
diagram is shown illustrating a mixed voltage interface 
triple well ESD network where the n well/n- band regions 
are merged as a single region according to the teachings 
of the present invention. In this embodiment, the input 
can be connected to electrical connection 12 serving as an 
anode region. The cathode is connected to electrical con- 
nections 18 and 18A which are connected to the second 
anode of the second stage 12A. The cathode of the sec- 
ond stage diode is 18B and 18C which are connected to a 



power supply. The isolation region 14 consisting of the n- 
well and n-band region cannot be connected to the power 
supply VDD directly as the current will be one diode volt- 
age from the power supply. This will lead to diode turn-on 
prior to the mixed voltage condition. The advantage of 
merging the triple diode successive stages is the density 
advantage by avoiding the band-to-band isolation rules. 
Hence, a denser design can be constructed by merging 
the successive stages. 
[0038] Reference now being made to Figure 7, a cross sectional 
diagram is shown illustrating a mixed voltage interface 
triple well diode ESD network which provides a separate 
first diode stage followed by a merging of all successive 
diode stages according to the teachings of the present in- 
vention. The disadvantage of the embodiment in Figure 6 
is that utilization of the n-well/ n-band region for ESD 
discharge is eliminated and only lateral discharge current 
paths are provided to the VDD power supply. As a result, a 
structure which allows discharge to the first triple well 
diode stage which is independent of the merged isolation 
band diode regions has both the ESD advantage for the 
first stage, and the density advantage of all successive 
stages. Additionally, given a plurality of independent cir- 



cuits, the successive stages of the triple well diode struc- 
ture can be shared across circuits for ESD and density ad- 
vantages. Experimental results have shown a 4X area sav- 
ing and a 3X ESD improvement in the sharing of succes- 
sive diode stages. Hence using a diode structure such as 
those shown in Figures 1, 2 and 3 as a first triple well 
diode stage whose anode is connected to an input pad, 
and whose cathode is connected to a anode of the merged 
triple well diode isolation region, as shown in Figure 6, a 
new embodiment having the ESD and density advantages 
are established. The input is connected to electrode 22. 
The cathode of the first stage is electrical connection 23 
which is connected to the anode of the second stage. The 
cathode of the second stage 24 is connected to the anode 
of the third stage. The cathode of the third stage 25 is 
connected to additional stages or a power supply voltage. 
The n well/n-band region 26 is connected to the same 
power supply, a reference voltage or an independent 
power supply. 

[0039] Reference now being made to Figure 8, a schematic dia- 
gram is shown illustrating a circuit implementation of the 
triple well diode structure of Figure 1 according to the 
teachings of the present invention. More specifically, two 



triple well diode structures 30 and 32 as discussed in Fig- 
ure 1, are shown. In this embodiment, the anode is a p re- 
gion 5 and the cathode is a n-band/n well region 8 or 
other n-doped region 3/3A. The first triple well ESD diode 
structure 30 has its p/p+ anode 5 connected to an input 
pad 31, and the cathode 3/3A connected to a power sup- 
ply VDD. A second triple well ESD diode structure 32 is 
connected to the input pad 31. In this case the n- 
band/n-well structure 8 can be connected to the input 
pad 31, and the substrate is the second electrode. A sec- 
ond orientation is where the input pad 31 is connected to 
the n-band/n-well structure 8 and the p+ anode region is 
grounded. In this fashion, ESD current is discharged for 
negative undershoot or negative pulses. 
[0040] Reference now being made to Figure 9, a schematic dia- 
gram is shown illustrating an electrostatic discharge cir- 
cuit using the triple well structure of figure 3 according to 
the teachings of the present invention. In this case two 
triple well ESD structures 90 and 92 are used. The first 
triple well ESD diode structure 90 has its p+ anode 5 con- 
nected to an input pad 31 and a first cathode and second 
cathode where the first cathode is the n-band/n-well 
cathode structure 8 and the second is a n+ implant 3 as 



shown in Figure 3. In this fashion, the first or second 
cathode can be connected to the same or different power 
supplies. A second triple well ESD diode structure 92 is 
connected to the input pad 31. In this case, the n- 
band/n-well structure 8 can be connected to the input 
pad 31, and the substrate 10 is the second electrode. 

[0041] a different orientation can be configured where the input 
pad 31 is connected to the n-band/n-well structure 8, 
and the p+ anode region 5 is grounded. In this orienta- 
tion, ESD current is discharged for negative undershoot or 
negative pulses. Additionally, using the structure in Figure 
3, the n+ diffusion 3 can be connected to the input pad 
31, and the isolated p- region 6 can be connected to the 
substrate 10 or a second ground electrode. In this config- 
uration, a first and second n-region can provide ESD pro- 
tection for negative ESD pulse events. Additionally, the n+ 
region can serve as a npn bipolar element where the n+ 
region is the emitter and the n-band/n-well region 8 
serves as a collector. 

[0042] various modifications may be made to the structures of 
the invention as set forth above without departing from 
the spirit and scope of the present invention as described 
and claimed. The spirit of the invention would allow for 



alternative diode and bipolar structures which are present 
in RF CMOS technology, BiCMOS technology , BiCMOS Sili- 
con Germanium, BiCMOS Silicon Germanium Carbon, and 
Silicon on Insulator (SOI) technology. In BiCMOS technol- 
ogy, epitaxial regions can be deposited on the silicon sur- 
face to provide a p-type anode structure. Using selective 
epitaxial deposition techniques, silicon anode structures 
can be formed above the surface as shown in Figure 1 to 
Figure 7. In this fashion, the spirit of the triple well ESD 
structure can be fulfilled and combined and/or modified 
to achieve the utility of the present invention. This epitax- 
ial film can contain Silicon, Germanium or Carbon atoms 
to form the epitaxial region. In the spirit of the present 
invention, Schottky diodes, Mott diodes, and Zener diodes 
can be formed for the anode structure to fulfill the utility 
of the present invention and may be combined and/or 
modified. 

[0043] various aspects of the embodiments described above may 
be combined and/or modified. In the present invention, 
the electrical circuits and series configurations can be 
connected between two power supplies of a common volt- 
age, two power supplies of different voltage, between a 
ground and power supply rail and between two ground 



rails. A plurality of these structure can be used in combi- 
nation and permutation between system power rails or 
system on a chip design on a common or different sub- 
strate. 



